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Abstract
Three sediment samples were collected from exposures along the Tok lat River.
Central Alaska and analyzed for subfossil Coleopteran remains.
Two samples arc
Holocene in age (650 ± b.p .. and submodem) and the other is believed to be laic
Pleistocene in age, based on stratigraphic interpretations.
The Pleistocene fauna was
representative of a tundra environment adjacent to a fluvial system .
The older
Holocene sample was indicative of a point bar deposit wi rh sl ightly moister conditions.
although rhe occurrence of several tundra species was also noted.
These tundra
species were evidently able to make the transition from their former true tundra
hab itat (which disappeared 9.500 b.p.) to the point bar habitat and allowed to survive
from the Pleistocene to the Holocene.
The subrnodern fauna still contains some of
these transitional species., The amount of reworking. if any. is minor and
undetectable.
This is indicated by the internal faunal consistency. presence of tcneral
specimens. scales still attached to weevils. articulated body parts and overall quality of
preservation.

Introd u c t io n
The reconstruction of Quaternary paleoenvironments has received
much attention in past years as researchers begin to search for possi ble
trends in long-term climate patterns.

It is hoped that these trends can then

be used to construct a global climate model and allow scientists" to predict
climatic impacts at the regional level.

Several disci pi ines. have been

employed to interpret past environments, including palynology, limnology
and vertebrate paleontology (Warner, 1990), and more recently, paleo
entomology - particularly [he Coleopteran aspect of it.

Beetles have proven

to be ideal ecological indicators for a number of reasons.

One characteristic

which makes this group distinct is their species-specific markings (in the
form of microsculpture and color), as well as their unique morphological
feautures (such as the size and shape of their body parts).

Many beetles

also have very strict ecological parameters and are therefore greatly
influenced by factors such as temperature and precipitation (Churchill,

/

2

1991).

Finally, the fact that beetles are quite abundant (in the present and

seemingly in the past, as well) assures their presence in the fossil record.

1\1 et hods

an d

Ma ter ia Is

The Toklat River, central Alaska is a glacially fed nver whose terraces
are both Pleistocene and Holocene in age.

Three separate sediment samples

were collected from the banks of the Toklat River (see Figs. 1 and 2 for field
location) and processed for fossil beetle' remains.

Of these three samples.

two are considered to be Holocene in age and the other latest Pleistocene

In

age, based upon the stratigraphic interpretations of Peter Lea, Bowdoin
College; one of the Holocene samples has been radiocarbon dated at 650
y.b.p. ± 80 years

(I~16,397).

The other Holocene sample is regarded as

submodern and is probably no more .than 20-50 years old. The late
Pleistocene sample was collected from the bottom-most beds
sequence' and has not been dated by radiocarbon.
considered

to

be from fluvial deposits.

In

an aeolian

All three samples are

See Figures 3 and 4 for stratigraphic

diagrams of the older Holocene and Pleistocene sites.
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Figure 1:

Map showing Toklat River field area in relation to Fairbanks. Alaska.
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Figure 2: Detailed view of Toklat River field area taken from U.S.G .S. topographical
series. 1952.

Modern forest floor

secondsequence of
dune cross-strata
Bounding surface

-27 m
First sequence ot
du ne cross-strata

Toklat River

Figure 3: Schematic view of the Pleistocene site (sample TO-l-1-4). The beetles were
collected from a discontinuous lens (3-4 em thick) which was located on the bedding
planes near the bounding surface.
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Unit E -

Unit D Unit

c

Unit B 
Unit A 

Unit E: black, fine-grai ned layer; soil
horizon of modern forest
(1.3 min thickness)
Unit D: fi ne 9rai ned layer contai ni n9
several small lenses of organic
matte r (2.2 m)
Unit C: fi ne-grai ned, dark brcvn layer
ri chi n 0 rgenies; beetl e~ eo11 eeted
here; radiocarbon dete of epprox.
650 b.p.; Sample TO-IA (2 cm)
Uni t B: fi ni ng up sequence from rnedi um
fine sand to silt; laminations
visi ble in silts (.8 rn)
Unit A: imbricated gravels contai ni ng
t arge pieces of wood; ; ndi cat; ve
of a ,001 nt ber de,DosH ~ 1.7 rn)

Figure 4: Stratigraphic column of the older Holocene section (sample TO-l A). The
lower boundary of Unit A is covered by the Toklat River.

Samples were collected by excavating natural riverbank exposures.
The two Holocene samples were wet-sieved in the field using a 300-micron
screen to concentrate organic remains.

All samples were then sieved in the

laboratory over a two millimeter screen, to separate the larger material;
finer material was collected on a 300-micron screen.
through the 300-micron sieve was discarded.

Material passing

Material coarser than two

millimeters was air-dried and then sorted beneath a dissecting microscope.
The 300- micron material was processed using the kerosene flotation
technique developed by Coope (1986).

The coleopteran fossils were then separated from the remaimng
organics under a microscope.

Once separated, the fossils were placed on

standard paleontological microscope slides with an inserted white
background with a printed one-millimeter grid and studied.

Identifications
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were made by companng the fossil fragments with modern specimens

In

the

reference collection of Robert Nelson, Colby College and the Canadian
National Collection of Insects at Agriculture, Canada, in Ottawa (for Tr echus
spp.). Coleopteran literature references were used for classification as well
(e.g. Lindroth, 1961-68; Campbell,1973. 1979).

A species list was generated

for each sample and ecological data was collected for interpretation of the
paleoenvironmen t s ,

Results
The late Pleistocene fauna (sample TO-1-1-4) was dominated by
members from the families Curculionidae and Scarabaeidae (Table 1).
426 beetle fragments analyzed in this sample,

Lepidophorus lineaticollis
and/or Aphodius

spp.).

Of the

177 (42%) were identified as

and 144 (34%) as Aphodiine scarabs (Aegialia
Members of the Carabidae and Elateridae [51 (12%)

and 24 (6%) of the specimens. respectively) also comprised a major portion
of this fauna.

Individuals from six other families (Staphylinidae,

Hydrophilidae, Dytiscidae, Silphidae, Byrrhidae, and Chrysomelidae)
comprised only 5.4% of the entire sample.
Table 1. Pleistocene fossil beetles recovered from the Toklat River (TO-I-I-4).
Minimum number of individuals are listed in parenthesis after species name. (R.E. =
right elytron; L.E. = left elytron; PRO
pronoturn: F .E.
fused elytra)

=

SPECIES
Family
Carabidae
Amara alpina Paykull (5)
A. bokori Csiki (3)
A. sinuosa Casey (1)
Amara spp. (minimum 2 spp.)
Bembidion bimaculatum Kirby (3)
B. (Chrysobracteon) alaskense Lindroth
B. (C) . colvillense Lindroth (2)

=

R.E.

L.E.

4
3
1
2
3
6

5

1

2

HEAD

I

1
1

5

PRO.

2
2

3
6
I

F.E.

6
Table I (cont.)

SPECIES
B. (e). lapponicum Zetterstedt (9)
B. (C). inaequale opaciceps Casey (1)
B. {Chrysobracteon) spp. (min. 2 spp.)

R.E.
4

4

1

8

8

(Plataphodes) sp.
Bembidion
spp, (min. 4 spp .)
Diacheila arctic a Gyllenhall (1)
Elaphrus parviceps Van Dyke (1)
Elaphrus spp. (2 spp.)
Pterostichus baematopus Dejean (2)
P. (Cryobius) sp.

Fa mily
Hydrophilidae
C ercy on sp. (1)
Lac c obius sp. (1)
Gen. et sp. indet.

F.E.

3

8
1

1

1
2

1

1

1
1
1
1

2
1

4

3

1
8th

1
3

1?

1

abdominal

terg ite

(female)
1

Silphidae

Thana toph if us co 10 rade nsis
T. lapponicus Herbst (l)
Family

PRO,
3
1

1

Family
Staphylinidae
Omaliinae gen. et sp. indet.
TachinuS instabilis Maklin (1)
Tachi nus sp,

Family

HEAD

1

B.

Family
Dytiscidae
Hy dr op o rus sp. (1)
Hy gr otus sp. (1)
Oreodytes alaskanus (Fall) (1)
Potamonectes griseostriatus DeGeer (2)
Gen . et sp. indet.

L,E,
9
1

Scarabaeidae

Ae gi alia and/or Apho dius
(min. 2 spp .)

(Wickham) (I)

Aphodiinae
spp. (144)

Family
Byrrhidae
Curimopsis setulosa
Mannerheim (1)
Morychus viridis Kuzmina & Korotyauv
Family
Elateridae
Gen . et sp. indet, (2 spp.)

scutellum

Family
Curculionidae
Apion spp. (min. 2 spp)
Ceutorh y nc hus sp .
? Dorytomus spp. (min. 2 spp.)

144

87

(1)

(24)

Family
Chrysomelidae
Gen. et sp. indet. (min. 2 spp.)

53

82

aII

2

1

1

meta stem i tes

3

1

1
I
1

2

7

Table

SPECIES
Lepidophorus lineaticollis
Kirby (177)
Lepyrus st effanssoni (Leng) (1)
Rhy n chae nus spp, (2 spp, ?)

Lepidophorus lineaticollis

1(cont.)

R.E,
59

L ,E.

56

HEAD
89

PRO.
177

F,E.

48

1

2?

2

was the dominant faunal element (l16

specimens) in the Holocene sample (TO-l A), comprising over 80% of the
specimens (Table 2)

Twelve of the remaining twenty-three beetles

represented were identified as staphylinids, eight as carabids, two as
dytiscids and one as a silphid .

Unlike the Pleistocene sample, no Aphodiine

scarabs were recovered from this sample.
Table 2. Holocene fossils beetles recovered from the Toklat river area. Minimum number of
individuals are listed in parenthesis after species name. (R.E. = right elytron; L.E. = left elytron;
PRO. = pronotum; F.E. = fused elylra)

SPECIES
Family Carabldae
Amara alpina Payk. (2)
Notiophilus sp. (1)
Pterostichus haematopus Dejean (3)
P. (cryobtus) spp. (min. 2 spp .)

Family
Dytiscidae
Colymbetes sp.
Gen. et sp. inoet.
Family
Staphylinidae
Acidota quadrala Zetterstedt (1 )
Aleocnarine. gen. et sp. indet.
Bledius sp, (1)
Omaliinae, gen . et sp. indet.
Quedius sp. (1)
Quediini , gen. et sp. indel.
Stenus sp.
Tecnvpotus sp. (1)
Staphylinidae gen. et sp. indet.

R.E.

L,E.

HEAD

PRO.

F,E,

2

1
1
2
2

2
2

1

3
1

elytrat fragment
1

1
1

1

1

1
1

1

3
1
1
1

1
1
1
2
1

2
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Table 2 (oont.)

SPECIES
Family
Silphidae
Thanatophilus cotoredensis (Wickham) (1)
Family
Curculionidae
Lepidophorus tlneetlcotiis Kirby (136)

R.E.

L,E,

HEAD

PRO

F.E.

17

116

1

3

20

29

The submodem sample (TO-l AA) produced only 28 specimens (Table
3).

Members of the Staphylinidae and Scarabaeidae were the most

abundant, with seven specimens each.

.

The Carabidae and Curculionidae

each had four representatives, with the remaining

families

SlX

(Hydrophilidae, Dytiscidae, Haliplidae, Elateridae, Cryptophagidae and
Chrysomelidae) being represented by only one individual each.
Table 3.
Submodem fossil beetles recovered from the Toklat river area.
Minimum
number of individuals are listed in parenthesis after species name . (R.E . = right
elytron: L.E. = left elytron: PRO. = pronoturn: F.E. = fused elytra)

SPECIES
Family
Carab idae
Amara alpina Payk. (1)
Amara discors Kirby (1)
Tr e ch us sp. (new species ?) (1)
Gen. et sp. indet.
Family
Haliplus

R.E.

L.E.

HEAD

PRO,

1

Haliplidae
sp, (1)

Family
Dytiscidae
Gen. et sp. indet.
Family
Hydrophilidae
Gen. et sp. indet.

1

Family
Staphylinidae
Aleocharinae, gen. et sp. indet,
Bl edius sp. (minimum 2 spp .)
?Omaliinae. gen. et sp . indet.
Stenus sp. (1)
Xantholininae, gen. el. sp. indet.

1
2
1
1

2

1
2

F.E,

9
Table 3 (cont.)

SPECIES
Family
Nitidulidae
Gen. et sp. indet.
Family
Scarabaeidae: Aphodiinae
A e gi alia and/or Aphodi us (7)
(min. 2 spp.)
Family
Elateridae
Gen. et sp. indet.

R.E.

L.E.

4

7

HEAD

PRO,

F.E.

2

2

3 abdominal sclerites

Family
Cryptophagidae
Cr yp t op hagus sp. (1)
Family
Chrysomelidae?
Gen. et sp. indet,
Family
Curculionidae
?Dorytomus sp. (1)
Grypus equiseti Fabricius (1)
Lepidophorus lineaticollis Kirby (2)

1

2

The submodern and Late Pleistocene assemblages include
representatives from ten families. whereas the Holocene sample includes
only five families.
Curculionidae)

Four families (Staphylinidae, Dytiscidae, Carabidae and

and two species (Amara alpina and Lepidophorus

lineaticollis ) are represented in all three samples. whereas Cryptophagidae,

Haliplidae (both from the submodern) and Byrrhidae (Pleistocene) are found
strictly from one fauna each .

The staphylinid subfamily Omaliinae also

seems to be common to all three assemblages, although its presence in the
submodern fauna is somewhat tenuous.

A final point that needs to be addressed is the subject of reworking
and the quality of preservation in these three samples.

The internal faunal

consistency of these samples, combined with the presence of teneral

10

(immature adult) specimens, scales on many of the weevils and numerous
articulated body pans suggests that few if any of the specimens in these
samples could have been reworked or transported far from their original
site of deposition.

Therefore, the ecological and biological implications

drawn from these samples should be valid and reliable.

Discussion
Pleistocene Fauna
Lindroth (1961;69) is the primary reference for ecological data on
carabids from all three faunal samples (Pleistocene, Holocene, subrnodern),
Many of the fauna identified in the late Pleistocene sample are indicative of
a dry, well-drained, sand-dominated terrain with sparse and discontinuous
vegetation (e.g. Amara sinuosa, Lepidophorus lineaticollisy.

Several modern

day tundra species [Amara alpina, Pterostichus haematopus, P . (Cryobius)
spp., Lepidophorus lineaticollis J and species preferring riparian
environments (Amara bokori, Bembidion inaequale opaciceps, Bembi dio n
co/villense) were also present.

Species such as Bembidion alaskense,

Oreodytes alaskanus and Potamoneetes griseostriatus are also recorded from
riparian environments and are often associated with clear, cold mountain
streams.

Relative abundances of the families represented in the late

Pleistocene faunas is shown in Figure 5.

The specimens of Diacheila arctica, Morychus viridis and Curimop sis
setulosa

indicate the presence of moss, although D. arctica

is known to

prefer relatively moist areas (Lindroth, 1961) and M. viridis, xerophytic
communities

(Berman, 1988).

habitat of M. viridis

It should also be noted that the modern

is known only from Siberia.
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The occurrence of Tachinus instabilis , Cercyon sp, and Laccobius sp.
in

the late Pleistocene sample further suggests that there was a source of

decaying organics in this area.

The large number of Aphodiinae in this

sample is quite significant in that the principle food source for these beetles

Tachinus instabilis has also

is the dung of large mammals (Arnett, 1968).

been found associated with moose dung (Campbell, 1973).
observations

These

suggest the presence of a significant mammal population

in

this area during the .Iate Pleistocene and is consistent with vertebrate fossil
records (e.g. Guthrie, 1982). Two silphids were also found in this assemblage

lapponicus and T. coloradensis.

- Thanatophilus

but while T. lapponicus
coloradensis

IS

Both are carrion beetles,

shows no particular species preference,

T.

a very specialized detritivore, feeding and reproducing on

the carcasses of common, burrowing alpine rodents (Peck and Anderson,

1982).

The habitats represented by the late Pleistocene fauna suggest a
tundra environment bordering a fluvial system.

Near the immediate edge of

the river, the substrate would have a high moisture content and would
provide a perfect habitat for

bimaculatum

E .

parvicep

s

(Goulet, 1983).

B e m b

i d i

might also be found in this area, although it seems

slightly less moist substrate than E laphrus,

o

to

n

prefer a

Decaying organics (such as leaf

litter and material deposited by the river) would also be located near the
river shores offering an ideal habitat for species such as Tachinus instabilis,

Cercy on sp. and Laccobius sp.
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Beyond the shore region, one would expect to find a fairly well
drained, sandy substrate with limited vegetation.

Denizens of this

environment would include Amara bokori , A. alpina , A . sinuosa,

Bernbidion eolvillense and B. bimaculatum.

Small depressions in the local topography filled with water would
provide ideal habitats for the aquatic Oreodytes

alaskanus and

Potamonectes griseostriatus and perhaps some of the Hydrophilid speCIes as
well. B. alaskense, preferring the shores of still water, might also be found
here.

Furthermore, these small water holes would allow for the growth of

hygrophilous mosses and provide a suitable environment for D'iach e il a

arctica

(Lindroth, 1961).

Morychus viridis and Curimopsis setulosa

would be found in the

drier, more interior sections of the tundra, feeding on the mosses growing
those areas (Berman, 1988; Johnson, 1991).

Amara alpina and probably P. (Cryobius)
local habitat.

Pterostichus haematopus,
spp. would also be found

In

Lepidophorus lineaticollis would most likely be found

In

slightly more elevated regions with denser vegetational growth.

steffanssoni and Rh y nch a enus

In

this

Le p y r us

sp. are willow feeders (Kissinger, 1964) and

would be found in areas with Salix.

The distribution of the silphids and the

scarabs would depend upon the habitats of the mammals in that area.

Due

to the great mobility of the mammals, one would expect the distributions of
these beetles to be quite variable.

Overall this fauna and the environment it

suggests are very different from those interpreted by Matthews (1968)
from two faunas in upland loess sequences near Fairbanks, which are
perhaps of comparable age.
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Holocene Sample
The Holocene assemblage of sample TO-l A (radiocarbon dated at 650
b.p. ± 80 years) was similar to that of the late Pleistocene sample.

Lepidophorus lineaticollis

was also a dominant species in the Holocene

fauna, indicating the presence of dry substrates and sparse vegetation.
family Carabidae was represented primarily by Amara alpina

h aemat opus and P. (Cryobius)

spp.

The

Pt er ostich us

I

This suggests that localized, tundra

type conditions were still present in this area 650 years ago.

The relative

abundance of staphylinid taxa was much higher in the Holocene sample than
in the Pleistocene one (Fig. 5 and 6).

The fauna was indicative of a very

moist environment (Bledius sp., St enus sp., Tachyporus

sp.).

The one

identified staphylinid species, Acidota quadrata, shares a similar habitat and
is found in decaying orgamcs where it feeds on springtails (Campbell, 1979).
An elytral fragment of Colymbetes

was also recovered from this sample and

suggests the presence of a slow-moving or stagnant body of water.

This

type of environment is typical on the perimeters of a river (where the flow
is slackened by friction) or in swale ponds found on point bars.

The presence of burrowing rodents is once again signaled by the
remains of T. coloradensis.

It is interesting to note, however, that no

aphodiine scarabs were present in this sample.

One can only speculate as to

the significance of this, since the anomaly could be explained by the process
of deposition or small sample size.

Furthermore, the occurrence of these

beetles is most likely a very localized one (occuring only where dung is
deposited), therefore making their recovery from the fossil record more a
function of the extent of the sampling site and their immediate presence (or
absence) in that particular area.
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The environmental preferences indicated m the Holocene assemblage
are, for the most part, similar to those seen in the Pleistocene sample.

The

geology of this site (imbricated gravels and a fining upward) indicates a
point bar depositional environment for this sample.

This observation

IS

echoed in the slightly greater percentage of hygrophilous species
(principally Staphylinids) found in this area.

The presence of predominantly

tundra species [Lepidophorus lineaticollis, Pterostichus haematopus, Amara
alp ina and P .(Cryobius)

spp.], however, seems to be inconsistent with the

general geological and biological interpretation of this fauna.

The geological

record shows that glaciers started to retreat from Alaska well before 10,000
years ago.

The climatic forcing of this retreat is preserved in the pollen

record, which documents the demise of the tundra and the influx of Picea
g La uca

wood stands and forests into the area approximately 9500 b.p.

(Brubaker et al., 1992).

This then presents the question of how tundra

species could be surviving in this region 650 years ago when their tundra
habitat had disappeared thousands of years earlier.

Upon careful observation of the modern point bar environment on the
Toklat River, one will notice that its overall terrain and micro-habitats are
very similar to those seen in a modern tundra environment.

Like a true

tundra region, the point bar has low, sparse vegetation, a well-drained
substrate and has large open areas.

These are characteristics preferred by

many modern tundra beetle species, particularly Amara a/pina

Lepidophorus lineaticollis ,

and

15

As the true tundra habitats began to disappear from this area in the
late Pleistocene and earliest Holocene, many of the coleopteran species
inhabiting these areas were displaced.

Some species, such as Vitavitus

thulius, were apparently not able to make the transition.

Once a common

species in the Pleistocene and earliest Holocene (e.g. Matthews, 1974; Nelson
& Carter, 1987), its present-day distribution is apparently limited to a few
south -facing slopes in northern and central Alaska
comm. to R.E. Nelson, 1982).

haemat opus, Amara "alpina

(J .Y. Matthews, Jr., pers.

Other species (such as Pterostichus
and Lepidophorus lineaticollis Y, however,

apparently found a suitable habitat on the point bars and were, therefore,
able to make the transition from the Pleistocene to the present while spruce
forests invaded the uplands.

Based on this observation, one might speculate

that if these point bars had not existed in the Pleistocene or were not
present ...in the modern environment, many of these formerly tundra beetles
would not have been able to make the transition and would have become
locally extinct at the end of the Pleistocene.

Submodern Fauna

A. alpina and L. lineaticollis

exist even in the modern environment

In

this area. Their remains were found in the submodern sample (Table 3),
which (based upon stratigraphic interpretation) is probably not more that
20-50 years old.

The dominant species in this sample are in the families of

Staphylinidae and Scarabaeidae (Fig. 7).

Elateridae, Chrysomelidae and

Hydrophilidae (absent from the older Holocene sample, TO-l A) reappear
the submodern fauna.

In

This apparent discrepancy is most likely a function of

deposition and sampling and not a biological factor.
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The presence of B led ius, S ten us

and Dytiscidae in this modern fau na

indicates a probable riparian environment which is consistent with the
present surroundings.

The occurrence of Grypus equiseti

is unique to this

sample and is quite interesting, since this weevil feeds solely on horsetails
[Equisetum; (Kissinger, 1964)]; horsetails were a major component of the

flora in the immediate area of the excavation.

Three families not seen

In

the earlier Holocene or late Pleistocene

samples also occur m this fauna - Cryptophagidae, Haliplidae and
Nitidulidae.

Nitidulids feed primarily on decaying fruit and other organic

matter (Parsons, 1943) and cryptophagids are generalized detri ti vores in
leaf litter (Arnett, 1968).

Hallplids, however, are strictly aquatic and spend

their lives underwater feeding on algae (Arnett, 1968).

(Amara ._discors and Tr ech us

Two carabid taxa

sp.) were recovered as well and are consistent

with the forest that exists in this area today; the former is a species of
riparian habitats within the forest environment (Lindroth, 1968) and the
latter genus is comprised entirely of forest litter taxa (Lindroth, 1961).

Trech us

The

elytra recovered were not identifiable by comparison with all

known western North American taxa and may represent an undescribed
species.

Summary
The three faunal samples showed a general progression from a strict
tundra environment (Late Pleistocene), to a tundra-like habitat of a point
bar (Late Holocene) to the modern riparian system (submodern) found in
the Toklat River area, Central Alaska today.

The fact that there were

several tundra species in the earlier Holocene sample, suggests that the
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poin t bar environment served as an alternative habitat to Pleistocene
tundra as the

true tundra disappeared and was replaced by boreal forests.
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